The effect of cyclopropane on contractile performance of papillary muscles obtained from cats with congestive heart failure induced by pulmonary artery constriction was studied and compared with non-operated normal animals. A significant depression of contractile performance in the papillary muscles of cats with congestive heart failure was observed along with elevated right ventricular pressure and reduced cardiac index. In both groups of muscles, cyclopropane caused a shift of the force-velocity curve to the left and downward. At an equipotent anaesdietic concentration (MAC) of cyclopropane, reduction in contractile performance was similar in both muscles. When changes in velocity of shortening and maximal isometric force in muscles with congestive heart failure were compared with the control values of normal muscles at MAC, the depression was 49% and 44% respectively. However, the effect of cyclopropane on the diseased muscle was significantly less than that of either isoflurane or halothane.
The effect of cyclopropane on contractile performance of papillary muscles obtained from cats with congestive heart failure induced by pulmonary artery constriction was studied and compared with non-operated normal animals. A significant depression of contractile performance in the papillary muscles of cats with congestive heart failure was observed along with elevated right ventricular pressure and reduced cardiac index. In both groups of muscles, cyclopropane caused a shift of the force-velocity curve to the left and downward. At an equipotent anaesdietic concentration (MAC) of cyclopropane, reduction in contractile performance was similar in both muscles. When changes in velocity of shortening and maximal isometric force in muscles with congestive heart failure were compared with the control values of normal muscles at MAC, the depression was 49% and 44% respectively. However, the effect of cyclopropane on the diseased muscle was significantly less than that of either isoflurane or halothane.
The contractile performance of the failing heart has attracted the interest of investigators of both the intact heart and isolated heart muscle preparations. Spann et al. (1967) showed dearly that the basic contractile state of cardiac muscle was severely depressed in cats with experimentally produced congestive heart failure.
In our previous study (Shimosato, Shanks and Etsten, 1970) , we reported that cydopropane (C 3 H,) anaesthesia did not alter the contractile performance of the myocardium as determined by the forcevelocity relationship in the intact normal dog. In contrast, Brown and Crout (1971) observed that C,H 6 induced a negative inotropic response in isolated cat papillary musde contracting isometrically. In the present study, congestive heart failure (CHF) was produced experimentally by pulmonary artery constriction in cats. The inotropic influence of QH, on isolated papillary musdes obtained from these cats was compared with that of normal cats. It has been shown, both in vitro and in the intact organism (Bing et al., 1971a; Goldberg, Sohn and Phear, 1972) , that contractile performance of the heart muscle is depressed as tie Po 3 is lowered. Changes in contractile performance with C,H n administration might be partially due to the effect of lowered Po u especially for failing heart musdes. Therefore we administered nitrogen (N 2 ) in the same concentration as C,H, to determine the effect of the decrease in Po 5 on the musde, independent of C,H,.
MATERIALS AND METHODS
Adult cats of either sex, weighing 1.5-4.4 kg, were premedicated with sodium pentobarbitone (10 mg/kg body weight) injected into the peritoneum. Anaesthesia was induced with halothane (0.5-1.5%) in nitrous oxide-oxygen (50:50 vol.%), using a specially designed face mask. Endotracheal intubation was performed and respiration was controlled manually with an Ayre's T-piece. The left side of the chest was opened at the fifth intercostal space in order to achieve pulmonary artery constriction. The pericardium was opened, and a circular dip (3.0 mm i.d.) was placed around the proximal pulmonary artery under sterile conditions. Penicillin (500,000 units) and streptomycin (0.5 g) were given Lm. daily for the first 3 postoperative days. Not less than 4 weeks (28-34 days) later, the cats were anaesthetized with sodium pentobarbitone (30 mg/kg) and allowed to breathe spontaneously. Non-operated normal cats served as controls.
An 18-gauge catheter was inserted into die right ventride and superior vena cava, via the right external jugular vein, and another catheter was placed in die ascending aorta via the right carotid artery. After these measurements, the hearts were removed rapidly through a midline thoracotomy and immersed in oxygenated Krebs-Henseleit solution with 100 mg/100 ml of dextrose. One or two right ventricular papillary muscles were excised, mounted between two spring clips, and transferred immediately to muscle baths containing Krebs-Henseleit solution with 100 mg/100 ml of dextrose bubbled with 95% O 2 /5% CO 2 . The muscle baths were kept at a temperature of 32 °C. After removal of the papillary muscle, the free right ventricular wall and the left ventricle with the septum were blotted and weighed. The isotonic lever system and isometric force transducer used in this laboratory have already been described in detail . Platinum field electrodes were placed parallel to the long axis of each muscle. Stimulation (Grass model S8C isolation unit) was introduced at a frequency of 0.2 Hz with a square wave of 5 msec duration at a voltage 15-20% above threshold. Each muscle was lightly preloaded (<0.4 g/mm 1 ) and allowed to contract isotonically for 2 hours before the studies were performed. The contractile performance had reached a stable level by this time and continued for 5-6 hours. All experiments were performed during this stable period. At the end of each experiment, the muscle between the spring clips was weighed and the cross-sectional area was calculated by dividing the muscle mass by its specific gravity (1.05) and length, assuming a cylindrical model. Measurements of force of contraction and changes in muscle length, along with their derivatives obtained by R-C differentiating circuits and stimulation artefact, were recorded on a multi-channel Sanbom direct writing recorder (model 7700 series) at a high paper speed (100 mm/sec). A series of isotonic contractions was produced by increasing the load (afterload) in a stepwise manner until the muscle was unable to shorten and maximal isometric force (Fm) was reached. Force-velocity curves were obtained by plotting peak velocity of shortening against force. The velocity of shortening at 0.4 g/mm 1 (V o . 4 ) was used as an approximate value of the maximal velocity of shortening (Vmax) to avoid the errors inherent in extrapolation to zero load. Time to maximal isometric force (TTFm) was measured from the stimulus artefact to ma-rivna] force. Velocity of shortening was expressed in units of muscle length per second (ML/sec), while force was expressed in grams per unit of cross-sectional area.
After control measurements, 10% or 20% C,H 6 (v/v) in 95% O a /5% CO, were administered from a Quantifies rigid frame anaesthesia machine. The carbon dioxide was added in order to maintain a normal Pco 3 value. Both concentrations of C 3 H, were administered for 30 min and this period was considered to be sufficient to attain a new steady state. Before each measurement, QH, concentrations (mg/100 ml) in the muscle bath were determined by gas chromatography. After obtaining further control measurements, the muscle was exposed to 10 or 20% N, plus 5% CO, in oxygen in a similar manner. Gas tensions and pH of the bathing solution were determined throughout the study with Radiometer O 2 , CO a and pH electrodes.
All results have been expressed as mean values with the standard error of the mean unless stated otherwise. Student's /-test for paired and unpaired data was used for statistical analysis of the data. The levels of significance used were P<0.05 to P<0.02, probably significant; P<0.01, significant; P<0.001, highly significant.
RESULTS
Only papillary muscles of similar cross-sectional area were compared in order to eliminate changes in mechanics due to changes in muscle thickness. Thus, 10 papillary muscles excised from 9 animals with CHF were investipted and compared with 10 muscles excised from 8 normal cats. Table I summarizes the haemodynamic data under pentobarbitone anaesthesia (30 mg/kg body weight) and die physical characteristics of the hearts in both groups of animals. The average cardiac index in the CHF group was about 45% less than that in the control group (P<0.001). The mean right ventricular pressure, right ventricular end-diastolic pressure and central venous pressure were significantly elevated in the CHF animals (P<0.001, P<0.001, P<0.01), while heart rate and mean aortic pressure did not differ significantly. In the CHF group, right ventricular weight and the right ventricular weight/kg body weight ratio were increased to approximately twice the control group values (P<0.001), whereas left ventricular weight was not changed. These findings are similar to those reported by Gold and co-workers (1970) .
The mean values for contractile performance in both groups of papillary muscles before administration of C,H e and N a are shown in CHF=congestive heart failure; n=number of papillary muscles; n.s.=not significant. between the per cent changes in V o . 4 and Fm and concentrations of either QH, or N 2 ( fig. 2 ). These are valid only within the anaesthetic range studied. N 3 depressed myocardial performance directly in the range of concentrations studied. Therefore, the changes observed in myocardial performance produced by QH, were partly the result of a decrease in Po 3 .
Averaged Po, values of the bathing solution were 578 ±3.5, 516 ±2.9 and 457 ±2.5 mmHg for control, 10% and 20% QH,, and 583±3.3, 521 ±4.4 and 454 ±3.5 mm Hg for control, 10% and 20% N,. Averaged Pco, and pH values were 39 ± 02 mm Hg and 7.395 ±0.002 respectively. The mean QH a concentrations were 3.2±0.1 and 6.3 ±0.1 mg/100 ml for 10% and 20% QH,. 
DISCUSSION
In the present study, a significant depression of contractile performance in the papillary muscles of cats with CHF was observed together with an elevated right ventricular pressure and a reduction in cardiac index. In some recent studies on intact hearts with CHF, it was found that myocardial contractility, as reflected by the force-velocity curve and the length-active tension curve, were clearly depressed below normal. However, cardiac output and stroke volume, which represent the pumping action of the whole heart, were maintained at dose to normal levels (Hugenholtz et al., 1970; Spann et al., 1972) . The performance of the pump is maintained by compensatory mechanisms such as an increase in muscle mass (Meerson, 1965) , the Frank-Starling mechanism (Spann et al., 1972) and augmented sympathetic stimulation (Chidsey, Braunwald and Morrow, 1965) . On the other hand, the severity of depression in the contractile state appears to be related to the severity of the stress (Spann et al., 1967) . Spann and co-workers (1972) suggested that at some point in a reduced contractile state, perhaps after a decrease in catecholamine stores in the cardiac muscle, circulatory compensation can no longer be maintained and cardiac output falls with the clinical manifestation of overt congestive failure. Prasad and Callaghan (1969) estimated that cat papillary muscle with a diameter of less than 0.93 mm can be adequately supplied with O 2 , by simple diffusion, in an atmosphere of 95 % O 3 at 37 °C and at high stimulation frequencies of 1 Hz. The cross-sectional area of the muscles used in the present experiments varied from 0.56 to 1.66 mm* (diameter 0.84 to 1.45 mm). Because our muscle was relatively diick, we used a bath temperature of 32 °C in order to improve the oxygenation of the central core of the musde. When changes in mechanical performance in the CHF group exposed to Nj were compared with those of the normal group, no difference between the groups was observed ( fig. 2) . Similar findings have been reported in the rat heart muscle (Bing et al., 1971b) . Since it has been reported in vitro and in vivo that an unusual alteration of mechanical properties of heart muscle was observed during recovery from acute hypoxia (Bing et al., 1971a; Tyberg, Parmley and Sonnenblick, 1969 ), muscles were not exposed to any higher concentrations of the QH, and N a in this study.
The present study showed that QH, induced a direct negative inotropic effect on isolated papillary muscles of normal cats and those with CHF. These changes were dose-related and reversible within the anaesdietic range studied. Although TTFm did not show any apparent change, the mechanical behaviour of papillary muscle under C 3 H 8 anaesthesia could be considered qualitatively similar to other anaesthetics (Sugai, Shimosato and Etsten, 1968; Shimosato, Sugai and Etsten, 1969; Shimosato et al., 1969; Iwatsuki and Shimosato, 1971) . These findings were in general agreement with those of Brown and Crout (1971) in comparative studies of anaesthetics on cat heart muscle. In addition, Brown and Crout (1971) suggested that the relative potency of anaesthetics in the mammalian heart may be similar from species to species. When 9.2% QH, (minimum alveolar concentration (MAC) in man (Saidman et al., 1967) ) was used as a point on our linear regression lines the decreases in V 0 . 4 and Fm were 10.8% and 14.0% in the normal group, 12.3% and 12.5% in the CHF group, respectively ( fig. 3 ). When changes in V 0 . 4 and Fm in muscles with CHF were compared with the control values of normal muscles at MAC, depressions were 48.9% and 43.7% respectively. These effects of QH, and the pathological state of muscle in combination were less than those of isoflurane (Forane) (Kemmotsu, Hashimoto and Shimosato, 1973) and halothane (fig. 4) .
It should be pointed out that the frequency of contraction (0.2 Hz), the bath temperature of 32 °C, and the provision of substrate and oxygen by diffusion are among the factors which limit the application of these data to the intact ventricle. However, Spann and co-workers (1972) recently compared the contractile state of myocardium, both in the intact ventricles and the isolated papillary muscles removed from these ventricles, in cats with CHF and normal heart muscle. They reported that the marked depressions of the contractile state in the intact heart and the isolated muscle were qualitatively similar. Therefore, the results of this study and our previous experiment (Shimosato, Shanks and Etsten, 1970) 
RESUMEN
En gatos con descompensaci6n cardiaca congestiva, inducida por constriccion de la arteria puknonar, se estudi6 el efecto del ciclopropano sobre la funci6n contractil de los musculos papilares, comparando los resultados con los que se aprecian en los animales normales no operados. Se observ6 una depresi6n importante dc la funci6n contractil en los musculos papilares de gatos con descompensaci6n cardiaca congestiva, juntamente con una elevacidn de la presi6n ventricular derecha y reducci6n del indice cardiaco. En ambos grupos de musculos, el ciclopropano produda una desviaci6n de la curva potencia-yelocidad hacia la izquierda y abajo. Para una concentraci6n equipotente de ciclopropano (MAC), la reducci6n de la capacidad contractil era similar en ambos musculos. Cuando se comparaban los cambios de la velocidad de acortamiento y fuerza maxima isometrica en los musculos con descompensaci6n cardiaca congestiva, con los valores de control en los musculos normales para MAC, la depresi6n fue 49 y 44% respectivamente. Sin embargo, el efecto combinado del ciclopropano y el estado patologico del musculo era significativamente menor que el del isoflurano y halotano.
